TO THE EDITOR
The etiology of acute leukemia (AL) remains unknown, but it may be the result of a complex interaction between host susceptibility genetic factors and different environmental carcinogenic agents, such as 'in utero' radiation, child exposure to oil derivates, parents and child exposure to solvents or other occupational factors, like paternal exposure to motor vehicle exhaust, hydrocarbons and paints.
Children with Down's syndrome (DS) are highly susceptible to the development of AL. The relative risk varies between 15 and 50; therefore, the study of these children may lead to the identification of the causes of AL in the general population. Some authors speculate that the reason for the increased risk is the intrinsic susceptibility of the trisomic cell to carcinogenic agents. 1 Several genes on chromosome 21 have been found to be disrupted in leukemia. Alcohol and tobacco consumption have been recognized as carcinogenic factors, 2 since both contain leukemogenic substances such as benzene and urethane; tobacco also contains nitrosamines. 3 It is therefore likely that environmental factors may unchain the disease in highly susceptible subjects. 2 The aim of this study was to analyze the risk of both alcohol and smoking in the expression of AL in children with DS. The investigation of the influence of these factors may be of great value, due to the reported increased incidence of AL in DS.
A case-control study was started in 1995; it included 27 children with DS and AL and 58 children with DS without AL as controls. Seven of the nine public institutions that take care of 95% of the children with cancer in Mexico City participated in this study. All cases were diagnosed by cytochemistry analysis of bone marrow aspirates and specific stains were used to differentiate acute lymphoblastic leukemia (ALL) from acute myeloblastic leukemia (AML). The control group came from institutions that treat children with DS (John Langdon Down Institute and Integral Care for Persons with Down's syndrome). Every child went through clinical examination; diagnosis was carried out by expert clinical geneticists and was corroborated, demonstrating the 21 trisomy by karyotype analysis. The study was approved by The Institutional Review Board and the Ethical Committee (No. 97-718-0006/ No. 98-718-0033).
The parents were interviewed personally and independently by trained nurses. A questionnaire adapted from the National Cancer Institute Questionnaire modules (http://dceg.cancer.gov/ QMOD/) was used to obtain demographic information, environmental and lifestyle factors, such as smoking and alcohol consumption, a year prior to, and following the conception of the indexed child. The age when the person started smoking was asked as well as the cigarette frequency/day, periods of not smoking if any, were also recorded. Using all data, the sum of cigarettes smoked/year was calculated. Alcohol consumption was recorded using a frequency questionnaire similar to the one used for diet assessment. A cigarette smoker was defined as someone who smoked at least one cigarette/week during 6 months or longer. Parents were asked if they smoked, the average number of cigarettes smoked/day, the number of years they had smoked and the length of withdrawing periods when smoking was interrupted. Four periods of exposure were considered: (1) before conception of the indexed child, (2) during pregnancy, (3) during breastfeeding and (4) before disease development. The number of smoked cigarettes during each period of exposure was calculated. To evaluate a dose-response gradient, cigarette consumption was classified into three groups: (1) nonsmoker, (2) those who smoked less than five/day and (3) those who smoked six or more, daily. The passive exposure of the indexed child to tobacco smoke was recorded as positive when a relative, friend or any other person smoked in the presence of the child at least three times/week, for at least 1 year. This question was asked to the child's mother. The dose-response gradient was also assessed. Parents were considered alcohol drinkers when they ingested at least one glass of any alcoholic beverage, at least once/month or more during the year prior to pregnancy leading to the birth of the index child. To assess the dose-response gradient, alcohol consumption was divided into: (1) no consumption, (2) less than one beverage/week, and (3) more than one beverage/week.
Statistical analysis was performed by calculating odds ratio (OR) and to control the confounding variables, an unconditioned logistic regression analysis was performed; a 90% confidence interval was used (90% CI), because the sample size was small. Thus, the doseresponse was calculated using the extension of the MantelHaenszel procedure.
Most cases (81.5%) were children with ALL (Table 1) . No differences were found between the analyzed groups concerning age, sex and socioeconomic level, which made them comparable (P ¼ 0.81, 0.82, and 0.66, respectively). The variables having an effect on the development of AL were maternal age over 35 years at the birth of the index child; weight of the child at birth greater than 2600 g (median value); alcohol consumption and fathers' smoking before pregnancy. The infant passive smoke exposure (Table 1) was also important. The OR were 2.9, 2.5, 3.3, 3.6 and 2.4, respectively. Although fathers' smoking before pregnancy was not significant, it was a risk factor for the development of AL in children with DS (OR ¼ 3.57; 90% CI 0.82, 20.27). Adjustment was carried out for possible confounders. The variables with highest risks were the mothers' age and paternal smoking before pregnancy (OR ¼ 4.46; 90% CI 1.58, 12.58 and 4.86; 90% CI 1.07, 22.00). Weight of the child at birth lost its statistical significance but the risk was high (OR ¼ 2.95; 90% CI 0.99, 8.78). Fathers' alcohol consumption before pregnancy resulted in a very high risk when the intake was more than one glass/week (OR ¼ 3.89; 90% CI 1.26, 12.01) ( Table 2) .
The adjustment models did not show interaction between paternal alcoholism and smoking, between alcohol consumption and passive smoke exposure of the child or between paternal smoking during the prenatal period. Each factor acted independently. It should be emphasized that neither maternal alcoholism nor mothers' smoking was associated with the development of AL, as shown in other studies. The dose-response gradient was found to be significant for paternal alcohol ingestion before pregnancy (Table 2) . When the beverage type was evaluated, wine conferred the highest risk (OR ¼ 3.10; 90% CI 1.12, 8.62) . This is the first study that evaluates the interaction between different environmental factors and the susceptibility to AL in a group of children affected with DS. The results showed increased susceptibility as compared with the group of DS children with no AL. Susceptibility was the main criterion for selection. It is not possible to exclude the possibility of a recall bias, although the unique recommended strategy to eliminate it was included. This strategy evaluates a control group with similar conditions (DS) and the interviewers were not aware of the hypothesis of the study. Children were born highly susceptible because of DS but since only some of them developed AL, we suggest that several factors may be the unchaining events. In fact, the Greaves' hypothesis suggests that children born with genetic susceptibility to develop leukemia will express the disease only when exposed. 4 Mothers' age older than 35 years was an important risk factor for DS. Age may reflect the increase in the frequency of nondisjunction during the oogenesis that increases with the maternal age; polygenic or imprinting mechanisms may result in a tendency to nondisjunction, a possible mechanism for the development of AL in DS.
Paternal smoking before pregnancy was associated with leukemia. These data are concordant with the majority of the reports, 5 suggesting that fathers' exposure may be very important. As This analysis was adjusted for maternal age, socioeconomic level and weight of the child at birth (>median 2600 g). b The number of children in each stratum was low, the variable was analyzed in only two stratums.
spermatogenesis continues from puberty up to old age, there is more opportunity for preconceptional mutant gene accumulation in men than in women. Benzo[a]pyrene is a potent carcinogen in cigarette smoke, its reactive metabolite induces DNA adducts, which can cause mutations. These DNA adducts were found in spermatozoa of a smoker and his embryo. 6 The 8-hydroxy-2 0 -deoxyguanosine (8-OhdG), a biomarker for oxidative DNA damage associated with decreases in indices of sperm quality such as sperm number and sperm motility, was also found to be increased in these cases, damaging the offspring. The early age peak in ALL (2-5 years) and below 1 year in AML, support the hypothesis of environmental exposure during gestation and preconception as being involved in its development. It is unknown as to which events might precipitate the chromosome breaks whose improper repair initiates or promotes childhood AL. For paternal alcohol consumption, the mechanisms related with AL development, in their offspring, are similar to those described for smoking. 7 Passive child exposure to tobacco smoke had a higher risk than the one reported elsewhere. As shown by others, 8 when several subjects smoked in front of the child, the risk was evident; large amounts of carcinogenic, volatile nitrosamines and aromatic amines are present in the inhaled smoke stream, although the concentration of these compounds is about two orders of magnitude lower than in active cigarette smokers, suggesting that some risk genotypes are particularly susceptible to low doses of carcinogens. It has been claimed that smoke exposure is prevalent among Hispanics and Afro-Americans. In these groups, the population of children is larger than in Caucasians and they are more vulnerable to the toxic effects of environmental tobacco smoke. 8 Other possible mechanisms may include stimulation of angiogenesis and tumor growth promotion by nicotine. Angiogenesis has indeed been associated with AL.
In conclusion, childhood leukemia is a heterogeneous disease with individual subtypes in which the response to chemotherapy and its causes may be different. It is possible that acute leukemia share etiologies, as shown for lymphoma or thyroid cancer in children. The results of this study are encouraging, but the sample size should be increased and other studies in different populations should be performed to confirm these data. Research of the risk factors leading to leukemia is relevant to identify strategies to develop protective policies and interventions.
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